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(ST) A highly n Diablo rschargoablo battery cofTiprts- 
ing an anode, a st pare^or, a cathode, an olBctrolyt© or 
an ale^roiyte «oJu Jon, and a housing, charaoterlzad In 
Ihat said anoda is struct jred to have a &\zb whkrh (s 
greater than that ol said cethods. Tha rachargoabfe bel- 
tery provides an ii creased onergy density and has a 



prolonged charging and discharging cycle life. In which 
a dondrtre causing a roductlor in the battery perfomt* 
anca, which is generated upon operating charg&ig in the 
conventional rochargoabla hi^ttery, is effacOvely piB- 
vented from ganeratlng or Iram growing In the case 
where it should be generatad 
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Desorlpiron 

BACKGROUN D OF THg IMWFMTir^M 
Field of the invenllon 



70 nnn^t^tT!.ll^ ^e^-pc^r goMmlion. the amount of a fossil fual repreeented by eo^I or petroteum fo ba 

Oas in mc ms rwulta n provicKngan aarth-warmihg phenomanm. in oraar to prevam aaid earth-warming phanom- 
^ I^SiIrtiT "^^^ * ^ ^^'"^'^ ® steam-power genaratlonplan! n 

.K^r^' ''^^ boem made a prcvosal of conductrg sc^cafied load leveling n order to effoc- 

lively ubtaa the power generator, wherein nacharseabte battens ore inetaltod at geno^I houses and a si/rplua power 
urtused In the nignt that is, a eo^alted dump power, le elored in said rachargBabfs batteries and rhe povwr thus stored 
IS MW»Iied in the daytime whan the power damarid is rncreased,^^^ 
30 load tnermor 

By the way. ihero Is an tncneaaad sodetat den^nd tor developing a ligTifwaj^i rechargeabte benery with a htah 
energy density for an electric vehicle which doea not exhausi any arr polluthg aubetanoe euoh as CQ, NO SO, ' 
hydrocarfcon, endthe illca. other thant^^ 

lature, lightweight, hi^i performance rechargsabra batteiy usabto as a pc^r mMC^ for potable ftfltrumente such ae 
39 emaD psfacnal oomputere, word proeessorSk video cameras, and pocket telapriona& 

As such rechargeable battoiy, there has been propeaed a rockhg chair type lithium ten ceB In whtah a nhkim ihter- 
calHilon compound la used as an anode activo material and carbon is ueed ae a cathode adhre material. However, as 
ol the prwenttme, there has not raallted e practical^ usable Ifthhim Ion balleiy having a eufficientfy high eriergy density 
which « conaktopsd eouW be attawied by using a metalfic Ihhium as Ihe anode active rTRrteriai. 
^ The public altsntbn has now foojsad on the rechargasbte IllhrUm batteiy In which melalBc Bthfum is used aa an 
anode, hut ae <tf the preeent dmo. there has not yei attained a precilcally uaabte. high capacity rBchargeable lithium 
batteiy with an Improved energy density. Partlcuterly. as for the known i^hargoable lithium batlBry, there Is a probtem 
. in that IHhIum fs ofton deposited ii a dendritic state (that fa. in the form of a dendrite) on the negetrvo eloctiode during 
charging oporafion, wherein such depoeiiiwi of lithium In e dendritic state reaultB in causing Inlemal shoils or self-dis- 
cha rge. As one d the reeaons Why such prectlcafly usable, high capecfty fechergeflblo mhf urn battery as above described 
has not yet realized, there is a fad thei a manner capsbte of preventing the oocurrencs of the ebove dondrftle lithium 
depoehlon has not developed. 

IMcth as above descrfted, when the above lithium dendrite should be once flontied. ihe dendrite ie liable to gradually 
gtowuponohar gtig. reauftlng h causing iniemal shorts between the anode and the csthoda. Whentheancde la Internally 
shorted with the cathode aa above doscr Ibedi the enei^ possessed by tha battery to ehoitly consumod al the internally 
fihoned portion to entaS prcblems smsh that the baHery Ie heated or the solvent of the electmlyte ie decomposed by 
Virtue of heat to generate gas. resulting in raising the Inner pressure of the bsflteiy "nreso problems result In damaofng 
the rochargeable batte^ or/and shcrlening the lifetime of lha batteiy. 

There has been proposed a manner of U9hq a lUhlixn alley such as llthiumnalumlnym alloy as the anode for a 
reghargeable nthlum battery in order to suppress the reactivity of the IMhlum so that a lithium dendrite Is hardly ganeratsd. 
This manner ia eiTecth^ In preveniing ths gsne raiton or the iithfum dendnto tjut is not eTfecihra In anafning a rechargeable 
lithium battery havhg a high energy density and which is long enough h cyde life. 
Partlculaily. Japanese Unexamined Paiem Publication Na I32e4/ig8^ 



2 

PA(X32I(3'RCVDAT12I19/20064:53:39PM [Eastern 

BEST AVAILABLE COPY 



1 2/ 1 9/ 2006 1 5 : 31 Bl 2-455-3801 



HSML, P.O. 



PAGE 33/63 



EP0G9O520A1 



to 



16 



to 



cfecSi UnB«mI„ed Patent Put,licatfan I*,. 1140S7/1988 (hweinatter lo as docu^Wrt 4) 

clJ^Tl^S!^ U^Twamlned Patent PiAlfcatton Na 234585^993 (horamfier rcfGrrod to as document 5) 

.K. ^^^'HL^ ^ r^chargeabla batterliKi dl«lo8fld ki ih»doeum«nl8 1io6 la «Klt pfobfomat'ic In that wh«r>Hh9 

fiUchiha^theyarocfos^lyQp^ ott,Brtfwughm«awor. Howevar. Ihfe manner not effective in aoTvIng 

an dxtent ttial la sborrer .«ian tbat h the casa wHero tlie anode con^rlsed oC carbon b u^ea 
^.u.^'^Tj^'^^*!"'''^ Intha torasoing rechargeable batteries is Habis to occur al^o In the convantionaf rocharbe- 
awa nickd-flnc baltanas, rechargeable ^hc-oocygen (ot zinc-air) batteries and rechargeable bromlne-ilne batlerle? ih 
inai m any of thasa battartes. when the anode and cathode ate arranged such ihat they are closely opposed to each 
other through the saparaior, the charging and dlechfinghg cyda IHe is fiable lo remarkably ehorten. 
« Accortlngfy, there Is an incroased demand for piwieion of an Unproved, hlgh^ rariabia secondary can which Is high 
m energy density chat^a siergy danatty) and long enough In chargiig and dlecharging cycto life. 

.S.UMMAHY OF THE INVENTION 

a> A principal object of the piaeent invention le to alrmlnata the foregoing pioUame found in the lenovnn rochargeable 
batteries and to pranae an Irf^provad rachai geabte which Is free of auch problame. 

Anctfher otiject of the praeent lnvantk» Is to pitsvide a highly raiable reehargeabia which la high in energy density 
and \mg enough h.c^fclB life (that ia, charging and diwhargrng oyele). . : 
A fufthar objod ck tha preeont invention is to provide a rechargoabla battev having an Imprwed anode structuted 
» which la free of-growth cf a dendrite evan when tha cha^ng and discharging are alternately repeated overa long perfad 
of-tlme, and H makae the Trchargaable batleiy to stably bit an occellent current coneclfng perfonnance wllhout bolhg . 
dateriofated^ ... 

A further object oitha.preeem nvwitfon is to prdvkfe a hi^lyreliabte rechargeable batleiy having a ainptastrurt 
which can be wsly handled and which can bo effciwilly produced bytha conventional technique. 
• «■ . • A furtherobjert of the preeent invontlan to to piovidea highly reliabte rochargaablo battaiy which eoi be nratas-piU-. 
duced wfthoura vaiiHttan in tenr^a cff the battefy pedbrmanco. 

A further objed df the present rivontlon ie to provide a highly reiiebid fGchargasfele battery comprblng an anode 
(or a ftogatlva electrode), a separator, a calhbdo (oi a positive electrode), an electrolyta or en aleotrolytB solution, ahd 
a houafng. characterized n that aaid anods ia et ructuiad to have-a'aizd which a larger than that of said eathodb. sdid ■ 
« radiargeabtebattery.being high In enei^ density and hawlng a probngedx^ 

A furtheir object erf tha present invention is lo.ptwida a rednigaabla battery comprising an anocte. a SBpaator^ a • 
cathode, an eledrofyta or an electrolyte aolutten. and a housing* chaiactarbred In thst said anode onlM said cathoda 
havaan e^e portion Covered by an insulating Inatarlal or sahticonductor ntatertal said rechargeable Dattaiy being h l^h * 
in energy density ahdihavSng a prolorged q/eb fifd; • • 

^ *. The terrn 'rachargeable battery' fri tho prsaenl iwention inckidee a rechargeable Ihhium battery* a reehargedUa 
niekeMnc battery, a rechacpeabfe zinc-oxygen battery, and a rechargeable bromina-zlnc bettary. ' 

BRIEF DESCfllPTlO>J OF THE DRAWtNGS 

SB FIG. 1 ifi A oeh^matlc explanatoiy view for illustratfng a positional rotationsh^p betwaen an anode and a cathod » 
which are oppositely jarranged m a nachargoable bane^. 

FIG. 2 ie a echdrh&tfc cross-aactlonal view for Illustrating an example of a state for lines of electric force genoi^tJo 
operating chaf^lhg. when an edge portion of an anode Is positioned Inside a cathode In a lachargeable banaty! 
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cath^^* jiihd^^^ cfose-aectlonal vbw tor Ulustrafrno a dmensional retefionfihfp between tho a^o aid 

rechargeabte tettery «:«»^ng toih^ pr«^nt Lemtoa 
wt«rth-!rllU^*^ Of atendency for tho llfcthia of a rachflrgoable bAttery to ch^go 

^ ^' T ! ^ crofifi-QBcffonal vww lllustrnting a singte-teyar aystam flat recharaMble battery. 
¥}G, 7 IS a Bottematic cnoo^-dectkxial vrew iliustrBting s ^plrai-vround cyrmdrlcalrechargflabfe baftaiy. 

DE.SCBIPTIOM ofc THg IKIVPM TIQN AND PRgPERRED gMBODIMPMTR 
obje^^'''^^^"^'!^"*^"'^^''^^'^ 

^.J^t ^^^"^ 1 ^ accompliahad ba^d on ftndHigs obtained Ihrou^ experimental etudiee by the 
pfesantinvemomlhofdertoatJarntrw above obj^^ . «r mo 

Description wibe madrt <^ the esqparhiental studies conducted by ihe present hyenlors. 

.rilheprlbr^M 

wouw be jof aft etiHahcad magnitude al its edge portion vrfiere an eiectrlo fIsM is liable to centralizaL 



^5 



60 



Baseblort Uite Ikhowied&b. etudiea were made of a recJiargeable battery in which an ariode and a cathode are 
oppoelielf arranged such that the position ot the former is deviated from thai of the latter. 

^?'L?r ® n!^'^ L ^ ''^"strailng a positional relationship between an anode and a cothwde which are 
'iH^^^ a rechfergeable batteiy. f n RG. 1 . an anode 500 eledricaiy oonnectad to an anode terminal 506 
(that Is. ajpbwar citouttrnfl ar^d inpunlng termlnai for en anode) end a cathode 502 etectricaly connected to a cathode 
lemiinal 507 (that fe. a pcmt outputling and inputtinH terminal lor a cathode) are arranged in an opposite poeitianal 
fefatoGnshjip. 

The imUtore eortducted atudies of a gbbo wherenn the anode SOO is dsvlared tiwn tne cathode 502 towfini 
areflaldeidlnsctlonhFIQ. 1. 

FIQ. i ^howa ^ eieampfel of a slate of tiw above ansngement In thai an edge ponfbn oC the anode 500 Is delated 
from the (JoUntor cathode soi \n the fetl eide direcfion. whereh a etata for Hfim of electric force generated upon the 

• changing fe Bhdwn, • . 

Now. yieiia rJchargeabiL belton^ lededlfiatedforthecharginft thranoda aide thereof Is made to have a nsgsihra 
poienttal 6rfd the «iKhode sidb thereof is made to have a poeitwa potential Therefore, upon operating tho chaining, 
lines of ol^6lnc fofde are loir led euch that they eir^ directed toward flie snxxto from Ihe cathode, in thie case, rf no 
displacembf^ pr^ent.in Ih^ arrEngoment of the cathode and snode. Ihos of electric brco. are baelcally fbimod In a 

• ^ HowaWr, fh general, theie is a tendency for lines ol olsetrie lo cenlralbre at a. protnislon d en electrode. 
Then&foreJ ^n in ffia abov© ke^e, the Ines of electric force have a tendency of eantrj^Izing at an end portico of the 
anode, I • ■. 

If a (^Irt^n diepfeoemeni s praaent in the arrangamenrof the calhoda and anode which are oppositely ananged^ 
the fine&cJ^faGtrte totee are rfei unlfoitnV fonned. Paiilcufarly, m the case shown In f\Q. 2 wherein the anode Is posi- 
. tioncd to deviate indWe the courier cathode, the lines of oloctric loflce ere formed such ihet they are centmlbced at thd 
anode's ed^B situated Inside the cathode. 

By fh^ jvay. In ifleneral. ^ electrode (that is, a cathode or anode) for a rechaiQe^le bBtte«y rs formed thiouflh- 
proceseinjrictjdln^; emting^ Becauae of this, the dootrode obtained ie often accompanied with protrusions such ae 
pointed poWc^ or eifeled pbitiin at the eide endb theroof. Such piotrueion will be a eauee of making iho *ie8 of electric 
lorce tb cdrrtranza ^ the protiiision when *a aledrode Is used in a lechargsable battery. Other than this, as for an 
electrade 6^iln al rechargedbia baneiy. there is an oocaBion for the electrode to be bent in the fabrication «f the 
recharg^ble b^eii^Mihersin Vie electrode bent is liabfe to have a poiton wtth a small radius oi curvature, 

^'^tr- ^ ***X' are^c'wTiBtlc croes-eectionai vlawe Dsspeetlvely iliustraiing a shape of en electrfoafly conductive 
edge pojtiwj ^'^^^^^ * tor lines of electric force cn a rechargeable tsattery prwtdad wtth said anode. 

^^'^"'T ^1 ®^ ^ ^ of the anode soo snuaiea nsid© iha 

*^*^^rS ^ wompahlbd by any protrusbn, lines of electric force fonwd are liable to centralized al said edge 
portion, fti the casairFio. 3(tj). the anode 500 hae-an edge portion projected toward the counter cathode 502. m this 
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""^i *°!!! unavoktebty tmt latod at said piojoeied sdga portion 



iooi*ini Is presem fn lha afrangemGnt of tho cathodo and anodo. when th^ width and lengfli of the mdo 



SL IL!^ ^? ^^"^ ^ Bamlconductof mateftel, the field rntonslty at the edgo portlort of lha 
n»h' . : Trlf ^™«**Port'«o^t'»«^^ eenbe reduced to fomarkably prwln^ 
nihjurrt dr brc) Bi\ii to prolong lha charedho and dfcnfe^r m-nn v^r. ^ . ^^.Z.. u._?_r^ . . f ^ ^ '^.^^'^^ <^ 
>Mhafela 

$1^^!!^' ^""^ "^^^ th^'the ^gVp^^rf 'li;; ani^'TJrat elf uetod Inside of tha 

oc «2te^l?J^^ "^^""'..^ ^ rfichargeawe batt^iy comprtahg an anoda. a saparator. a oalhoda. an e«eetro^a 

' ^^^^^ becomas tc hava a pratonged banaiy {jfetrma. 

K^'^Ll!!!!^^ ^^'^ eovered by « siabto InsulatInd or sambonductor matarial incapdbla of 

n r j^'^ obtained lurthar flndVifis which win bg deacdbad below. 
, « llu 1 ^ J? ^ ^^^^ ^ ^» oppoQitafy arranged to the cathode) to have 

!-2!!f ^ ^^'^ '^''^ ^^^^'^ veriicaiv projected on the eurfftca of the 

anode ^^^I'awd^ the anode*e plana. In thie case, the field is effectively prevented from centralizing at the edge 
porwtfip^^ anodp, end the rechergeabla battery beocmss to have a prolonged t3fltte7 life and an Improved banory 

Furtny, when the shortest dtelanca bstweon the nosa of the anode'e edge portion Aid that of tho cafhode's edge 
portfonp Wad& to tia 6 tfmee or mora the dietarwa batwaen tha eathoda and the anode, the field is affacHvaly provantad 
irom cantrarang atiisaid noeea. 




that the 
can 06 ^1 



battaycan baefntianlVconduotadandahlgh paiforrrance rechargeable battery 



. ^ lem Invention tm been accompriehad based on theaa findings. 
In tfjidfiillowrng lha racharg^able battery according to tho present Invomion will bo ctescribed with reference to lha 
diawingjB. ! ' 

^'^b-lS^^ ^ ^ Whomatic cnoee-aectnnal view iDuBtratIng an example of a rachargeabfe battery according to the 
presentanWvilitti. FIG. 4(b) fs a schemalfc crcws^ecttonal view for niustraling a drnsnslonal lelaticnshv behween tho 
hRG* 4^ ^ oppoeitBJy arranged and their positional mlationehlp in the rechargaablo baHery shown 

In 4(a) ar ^ 4(b). rBforance numeral 100 Indicates an anode having en insurailng or eemiconductflr matanat 
diapoaed folcofer tfte anodo's edge, referenco numeral 102 a cathode having an insutaUng or eemiconductor material 
dtepoaedtfabovartNeanodo's edge, reforonco numetol 104an electrolyte dobtion. retorenoe numeral IQSaeeparBlor, 
roferencb honieral .106 a power outputting and 'nputling terminal (oran anodo.torminal) alectricaDy oorviactod totAa. 
anode ipd Meronib numeral 107 a power outputting and inpuitir^g terminal (or a cathodO larmlnaD alectrically coh- 
nected tbtt^o cathodb 1(52, arnj raferenco numersMOB a battery Cftfie. 

FtGl sli^ a eche|i!iatic explanatory viaw for lllustratflng a po&Iliorta] ralationBhIp batwaen an anoda 100 and a c^odo 
1 02 m fljr^arpeabfe baltary. Wherain the anode 100 and tha eathoda 102 are oppoditaiy arrangad auoh that tha ed^ 
portion df Alt anode aauatad ouialda tha counter cathode io such way ae ehown in FlGs. 4(a) and 4(b), In FIG. 5, d 
indcataid dietflncB batwaen the cathode and tha anoda. 

'^!l^nfL^^'"^'^®* * ^ prasent iivanikan. the Intenslation between the anode arid 

tha ca™^ w daslghad such thai the size of the fomner ie ^^er than that of tho btter. Partlcuterly, h order to reduia 
lha field Jnwnslly at me edge portion of the anode, of the anoda and cathode which ars arrayed to oppose to eoAi 
other, thi WodO is tteslgned to have a greater area than that of the cathode such that the cathode's picture plaice 
vartleall>( pWjecled dhte tha evirface of tho anoda 1$ eliuated within the anode's plana. 

Notf<8bt)retffoiiiiydaficribed. anyof theeiwentionafrechargaeblelHhiumijatter)^ rechargeable nckel-zhcbettef^. 
rochflrg^bli zfnc-cs ypan. battery, and recnargoawe bromlne-zInc Dattefy rtae euch ptoblems ae Will bO described In fffe 
followtndjhat 19. In j^ir fabrication process, prrtnislone ouch a& pdntad portion or angled portion ar« teble to occur 
al tha acU Oortlort df hot only the anode but also the cathode; and tha ataetrode activa rratertal of not only ihe anoda 
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^t^TfJ^^l^!^ " " ^ ^"^^"^ «^ *hlch fs g«at«r than *aJ o( 5^ 

aS^iI^S? ^j^?*?"''^ ^ f«' " aubstantblly not daconvosed iipon the cheraBUl 

an •hecathodaorthear«lB)doe*nothawen«««aldcwwec«.tfMB J 

I"'.? f"*^ * ««<apcnel8 oM eutotanlial aroa. TOa means that thsarea ot ih» 

ins arwufl. i 
^'^^^^ wcportmental results of a tendency for tho iiretHfw of a recnaraeablo battery to ch Joe 
o ^Lt\^"** ^'^^ anocfa^alhode d^slaoce and the an«te"s edge-cathodQ'fe edge d^ancQ le varfdd I 

t.r».L^£l^r^!! ^^"^ ^ ^ ^ '"^'^ '""'^ recharge^te batteries, which ym^ obtained by L 
present Inv^tors threugn sxperlmenta, wherein d iDdfcatee q distance between tho anode and cathode. € ihdlcatei a 

f ^ ^"^^ '^'^ '^^^'^ - 'V** indtealee a ratio or a disiance (« - d), which 

19 longer than the distanced, to thB distanced. I 

The llfeltlme curve lld/atrnies siluatlone Tor me lime r when the rocharseaWe batteiy iMrfved reaches a preserKiLd 
llfetirtio In relation to the rarte {[t ■ dyd) of the dfetance (€ - d) to tho cSatanee d. I 

■ In the lifethre curve ehovw in Fio. 6, the lifetime t when the anode'e edse is harmonized with the cathode's odda 
(that to d. and theref we» (€ - dyd = 0) b «« at i .0. and inverse numbers of the tirnes t obtained when the dlatenba 
t is varied ^be 3dL 4d. 5d. Bd. 9fX lOd. ild, and 12dara plotted. I 

.Basodin the ffatlma cunre shown In FIQ. 6, there was obtained the following IWlne. lhat le. in order to maJ a 
reehargeabfe battery to have a piolonged taatteiy Bfetlme, it le desired tOr the anode and the cathode to be arranged 
such that the eharteat dbtanca behmen the anodtfa edgie and the cathode's edge fa preferably 5 thws or more tfle 

lS!^" ^ ^'^^ (that is, ( € - dyd s 4 Of more) or itls rroro preferably 1 0 Iknee or m Jro 

flhatw, (^-Uyifliegormore). I 

^ etectfodo arranflemem fn a rochar^eabte batteiy wherein an anode and a cathode are arranged L 
oppoee to eMi other. It eomewhat differs at a certain extent In each rechargsjJbfe batte^ produced. This is imavoidafcl V 
occulta bebaose of a posrtioning error in Ih® fabricalion proc«w. Hofiwaver. because of cvch positioning entir h ^le 
fabrication droeaaa. probbms win be sometimes entailed in that a defective rechargeable battery is produced or tha 
resulting radiarpeable batterlea are varied in temne ol their. charging and discharging cyda life. In the eaee of rT«sai}rb- 
(facing a rechargoablehfittery, tho arrangeirient of the cathode and anode should be rarofiiny conducted so ft^^ 
pfohtemsaAnotoocurred. | 

In the pjeeent invention, occurrence of such problems can be provented by the foUowhg manner. That is, Ibr Ji- 
stanca. the kiodg is designed to have a greater widlh and length than those of Iho cathoda such that said wkllh arid 
length are greater by 2 times or mora over the square root of the sum for the square of a positioning enor for tho anoife 
and the squ^ of a posWonhng error tor the cathode. Aoooidlng tothle manner* H a poehloning error ehouk;! be occurred 
lor the ©nwi&amenr of the cathoda and anode In ttia tahrteallon process of a rechargeable batte^, the enode*s edga \& 
pravomed frbn-being positioned riside the cathode. By this. U Is possUs to mdss-produoa high quality rechargaab a 
bBttarras wh ch are nol varied In temne of the baitery perforrtBnce. 

In the feUlowng, deficrlplion will bo made of the rechoigeable battery accorAig to the present Invention and the 
fabrlcatton tliersof. I 

"me racrjargoabfe battery according to the present Invention rndudes a rechargeable Bthium battery, a rechargeable 
nickel-zinc tett^, a rechargeable iinc-oxygen battery, and a recharge^le bromina-zlnc battery. | • 

(In the foildwhig, tho rechargeable nlckel-zInc batlsry, rechargeable .zinc-oxygen hattery, and rechargeable bii- 
mina-zffic bapery wilt be occasionally collectiVefy referred to as rechargeable zinc series battery.) I 

In any «Ase. a dua care snouw De nnade about the constnuentB of in© rechargeahte oanery so that they do not 
contain loneiiin matters. For Instance. In the caee of the rechargeable HtWum balteiy If its constituents centaih water aL 
a foreign matter, said water results In chemlcany reacting wifti the llihlum In the rechargeable mm battery, wherefh 
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the batteiV perf^jmiBncB h somet'mee remartebfy reduced. 

mi^riwKi? l"^^*^^^^ ^ ''ivenbon baaicalV cc^rteee an anode 

member uhtne a bIrxJIng a^ent to thereby toim an anode. « «cb or a ancm couocior 

carbS^t S^'"^ ^"^^ ^^^^ 

.^SfcnfhlSe'^*"^^^^ 

I!!!i^!f^'f^^ constfimed by an app^priate metal or an appropriate matal alloy. 
allo^SSr.:^^^^ ^ -nP^or e^metalaopy™ 

cathpcxJe 

and r^nig^SlS"^'^'^ comprloea a camode collector, a caBioda active material, an eledricaily conductive auxlUary; 

^Z'^J^V^J^!!^ ^ usually formed by disposlnga mixture of a catboda active matertai, an electrically con- 
^ ^ ^ ^ member capable of serving ae a caihode collector. 

The e^ricalfy ccxiductlve au)dnary can fncfude powdery or flbnous aiumlhurix copper, nickel, etafniees steel and 
flraphite and other than these, carbon blocks such as K^TJEN BLACK and acetylene black. 

The bHdInfli agent is daslred to bo stable tor an electrolyte solution used ae the electrolyte in a recharge^le battery. 

SpGcfit eK^les of such binding agent In the case wAiere a nonaqueoiie series elsdreiyte soltAlon Is used are 
fltwrlne<!oritalhihg reelna and pofyotefines such as polytetlaflliorDet^ylene, polyvfnylldsne fluoride, polyetrwiena, poV- 
propy lenej^hylene-pnopyiene copolymer, and ^ihylene^ropylene-miid^rpolymer. 

alcoS^^S^*Tnd pl^^ 

The c^dd oontetcr een/ee to eupi*y an electric current eo that rt can be sfflclemly consumed lor the electrode 
readwn updn oe^iduotfng ihe cheighg and diechartf ng Or to collect an olectrk: ourrervt generated. The cathode coMeetor 
»fl^refore ttesiM to be oonstfluted by a material which hee a hi^ electrical condwthrtty aid is ihactve to. the battery. 

The makerial by which the cathode collector ie oonelltLitedceii hcMo N|, Ti, Cu, Al, Pt, V. Au, Zn. and aOoye oif two 
or more of ttiese metals sixh as stainlese steel. 

Tlwcerthododollectormay beshepedinapfete-lllwl^^ porous forni-IIKeeponae, punch- . 

Ing metal fo|m, or expartded metal tenu r^^t* 

Herein, tesforthe caihode used in the rechargeable zino^wygon baltlery. II ccmprisos a caihode eonedor. a catahrsi 
andawalarrep^lfam. * 

^^^^'^^ ^ Tiade of fta cathode acttve material usable m the present Invention. 

The cafflhodei aclwe material is differem depending upon t^^ 
The cathoddactRre mafertal In the casa of a rechargeable lithium battery: 

Ae Ihe^dde active irwtferial in the case of a recharigeable »hium baiery, thei^ is usually used a compound 
selected f rojn tMneUlpn metal oxides and transition metal euffides. The meifile of these uanslthm melail oxides and 
traneition mdlal siilfldee can mcbjde melala partially hoving a d^ll or f-«h8ll Specific soeaiTvles of cuch metal are So. 
Y, ianthanoids, a^tlnob^ Ti. Zr, Hf, V, Nb. "fe, Cr. Mo^ W, Mn. Tb. Re, Fe. Ru. Oa, Co, Rh. Ir. NI. Pd, Pt, Cu. Agand Au. 
Of these. TljV, Or, ft/rrl. Fa. Co, Nl and Cu are rnost appropriate. 

The c^ods=ectii)o materia is desired to be comprised of any of the above translifon metal <»(ldes and traneHlon 
metel sulfides. wHteh je Incorporaled with Whium. The Dthlum-containing cathode active material may be fonrwd by a 
manner of obternlha atranslllon metal oosideortfansWon metaJ sulfide using nhfum hydroxide or llthjym salt Altemallvoly. 
II may ba tojnerf by A manner of provWing a mixture of a gven transntcn rnetai oxide or tranclrlon msiai suStie. and 
lithium hydioxidel llthlbm nltrat©. or lithium cariaonate capawe of being raadily thsmially dscompceed. and subjectlno * 
said mixture to h^trtatmsnt / -r-- j~ » . 
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^n,^^^ tel«uallyus«j porous carton material, poreua nfckalntetBri^. or oopparo»d9 Astf,"^? 
AO me cathodelaGtlra nwortal m the case of a raeharsaabki bronilne-zino batte^. is u/ed bmnrins. 

I«jms.^«g|j«^ hle,nal^rt5. Inaddftior. the separator also sorveo to r«flh the otea^lytBsoluiion. 
««f Ite u ^ "^f^ of altowtng nihlum ion or a'no Ion to pass ttiarMhniu^ 

an<lrtlsal9oroqulrtdlobe,ln8o(ubl8hitoandsbhlB»th9flteBiwlyt8sol^ Brwnwsp 

iwed 6y a ™be film or a rasin »m eornblnad iMlh airmiai oxtaa lospecUvdV favlngVpluraiityTpores in a 

l^"?!?!? I S^^T "^"^ meiWhrougn and bgcause of this. occurMnca of intemalnshorte between the 
S^,. f JkT^^ * Pf wertted. In another preferred ernbodlment, the sepai^or Is eonetittited by an 

lT""*^***^^^*®'"- fliass or metal oxide flftn. In this case, an imp>ovemanl can be attained in ^ 
01 the afety in|lh» eaae wtwre euoh mtamal^ruyts el»uld be unaxpededly ttcurrad. 

« HiCTRODi 

ln»epr^8dmei*afTtlen.HierBeanbeu9edanappfopriatBelactrolyieas«lsy^ 
l^L™? ®'*^°" ''^^"^ "^"^^^ 

'^n'^on trt^ Wfaiof >* uaed h • way that aaW eteetrdyts aduDoti is 

TJtehlghirAiaefectilialoQnduetnmyofthealeew^ PailiGulBriy. H bdaairadtouaaauehan elaotroMa 

Itiat the eie(^ cortdUdMty «t 26 'C Is prslerably 1 x 1<H 3ftffl or mor» or irwa ptBleiably, 5 x 1 0-» s/cm or mo» 

TTis aiedroVta is dBtensnl dapandlna upon the kind of a lachar^eable bBttoiy. 
Tho eleetrolyfe i|Babfe In the case d a rechargefibie Whium batlory: 

^ elao^dUe i*ablo In this eaee can includs Inorganic adds such as MaSO^. HCI and HNOaj ealie of U« (Bhtum 
tan) wkh L^^ld ibn such as 8F4-. PP,- CIO4-, CFaSpj-. 0/ BPh*- (*ltfr Ph being a phenyl group); inl mlxturae 

Other IhaK-ftgeafsupportihg elsctrdytBs. gate ofih© ebow cteBcribecf Lswb ad* fens witfi catione such wxTium 
ion, poiaesiurh ten, Idtraalkytamnwnlunn ron, or Iha IIlw are also usabla. 

In any caka j t ie :dewrod ihal the above sate ard used attw they are wjbjsctod to dahydratfon or daoxygwiation 
tof afamplep^.W (itf heat traaimani a reducsd p«aawre. . 

C6rbonatG, dimofrtylc&rtxsnatQ, diethyl carbonato, demethyfforn^anilde, telrahydrafuran, nhrdbonMna. dithlbfoothans 
dielhoxy9thajj0,h^^*inBthaxyetharTo, cWorobenanQ, ybutynjlactono, cioKDlm. suffolan, nttrometaio. dimathyl 
aulWe. dimJilhylbxW^, (Tielhyt tenmate. 3-molhyl-2-a)cdazolydfione. 2-mathylte!rflhydrefUfar, 3-propylsydQnon&. suNur 
dioxrde, phps6ht^chrortd9,ihtor»^ 

AsfQfth^^jsdvdnta. ftlftdesirediorihenn lob« subjected todehydralfan using actKrat^ mdBcu tar sieve/ 

. phosphofotfs or ealciurn cWorlcte. prior toUielr use. ARematlvely. It l3 possible tor them to be subjected to 

dfelillation In in fetmohphsre cxmnpoeed of insrt gee in the preeence of en alkali metal, wharofi rtioisture and foreign 
irvattsrs are rsinovod. 

In Older 1^ pjeverft leakage oi rhe electrolyio. h Is de^ilred tor the eleclnolyto to be gefatlnized uskig an appropriaie 

The gebilhlilng algenl usable In thi» case can Include polymers having a pfoperty such thai ft absotb9 the soJvenl 
the electroiytd^soditten lb dwen. Sposffic examplee or such polymer are poty^ylene OMide^ poivvinyt ateohol. and 
po<yacfylamfde, 

The etectrtfyft^ udabte in the case oT a rechargeable zinc aeries banery: 

^"'"^ 'f^^te ^ thte caee can alkalis such ae potassium hydroxide, sodium hydroxfcfe. tithtum hydtajdde. 



TTie elect! 



and the flke; aitd 



nic aalte euen as zinc bromide and the like. 
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COATING FOftELECTTOOE'SEDQE 

^^.iLT^"'"^''^ saJdjoat toat least tho .node's edgo. theflsb fcitenslymihe anode'a^b^i^ » 

improvgd in ca&o whore tha caihorie'e edgo te oldoprovlded with said coat 

Deacrfpiiort w(I| be mada of Ihe coating lor ttia anoda'e edge 
««nJtS^fr^ ^^^'^ ftfga with a coal comprishg an miilatlnd matarm or a serrtonductof rmtertai ^n ba 

wharelnailquWorapowdavn^Qriaicapablaof p^^^ an Insulating film or a 

^^^^^^^^ insutethfitifcn « aeemic^^ Is docompoeod to causa tfie depcaltlon or a film, or 

SZl^^^fj '^^^ * ^^"^^ °' piwirfing »o msu btlng fl»m or a semleortductor film id 

evaporated 10 dflUBB the formaiion of a fifm. 

In any casi ln order to provide only a desired portion of the enode's edge with the above described coat tha coal 
torrii^ le <teifrad to be conducted whife using an appropriate nftasking rDeane. Paitlculerfy. a portion of the anoda*e 
edgau^lchrsrrrtendedtohavenocoat^ 

aid after the formation, the masking maane le detached. By this, the coat formation can be conducted Ibr only a 
deeirad portion ^ tha anode'e edga. It |$ a matter ol course that m seleciivo coat tormation can be oondueted wMwul 
UBfig euch masking meana. 

Tha foragohg coating procase (a) can hclude acfean priming proeeeei roll ooBling process, dip coating orocass 
epiaycoating ptoeese. electrostatic coaling procasa. antfalectrtcoatkig process. 

"me tbregoihg deposHion pioceee (b> can Incbde thermaMnduoed CVD proceed, and plasma CVD piocose 

The loregolta deposition pnxees (c) can Include sputtering piocoes. electron beam evaporation process, duetor 
ion beam evapdratlon proceee. 

Daeertpttonh^ be made of the insulating film and the semiconductDr film. 

Either the rieuteling nim or the semiconductor «lm may bo comprisod of an approprtata materiar aetectad fram Ih© 
group eonelstirig oT stable organic high-fnolacutar matariale, metal oxida materlele. and organlo-inorganb compoeilo 
matarialft comririehfl one or moro of said high-fnofocular materwfs andone or moro of said metal oxicte matarlale. which 
are nisi dlosofved In the electrDlyta adulon and aro not decompo«Gd upon th© charge and dfecharga reaclidhA. 

SpaclftealvJ h the ca©e ol a rechargsable lithium battery In which a nonaqueous eledrelyie edulion {that Is, a 
5o*ventKn3nlair^ soJut'on) Is used as tha eleclfdyte. tho organic high^mdaculer malorBl can include p6ly. 

oWlns euch ad^fyethylane, poiypropylano. and tha llto. fluorino^ontainlrTgrssins, and silicone reelne. Other than 
ihase, highly cryselinkBd polymere are also usable. Of theso, fluorine-containing reaina having an elhar Unkage ar^ lha 
most approprlatebooause they accd wi stablllly and can bo raadll/ applied upon the eoathg. 

As tof tha |teh-rnc*»ubf matarials whteh are not croesHnkad. It ia desliod for them to be croasifnkod ualng an 
appropriate crc^inkrig agent Specific examptee orf such crosallnking agent ar« djfeceyanatee. pol/iaoeyanate prepol- 
ymera. bicsck isifcyariatafl, organic porondas, po^yamihos. oxomea, nrtrooooompounde. eulfur. sulfur compounds, sele- 
nium, magrwsiiiih oxIda, lead oorida. and zinc oxide. Ahernatlvaly, they can be croeelinked by a f^f\f\w of subjecting to 
Btadiating of radbnt^^ Btoctron baam, or dtraviolai nay. 

In tha case Ufa rachargaaUe zinc sertea bsnery in which an squeoue electrolyto eolutlon is used aa tha electrtilyte. 
there can be alii used those net «os$*iked of the above desorfbed vtfatar-lnsolubte hign-roJecuter materials. 

tho foregoHg metal codde material can hclude eiTica. titanium oxide, alumina, zirconium oxide, magnesium oxida. . 
tantahim Q)dd9, Wiolybdenumoxlde, tungsten o»'de, fm oxido, Indium 0Klcle» Iron oxide, chromium oxido. aluminum phoe- 
natB» silicon phosphate, and mixtures d these. 

that one or more ol these metal axida materials are mixed with one or more of the above deecn'bed 
ptofiaie eoae loloini an organic-inorganic compoerta The organlc-fnor^c composite material excete . 
chanlcal etrength. 

nJnation Uaing such meta) oxide may be conducted by way of a sol-gei translomwikjn procasa In this 
ca9e..the ooatfOMiatkin Is tedltiatad. 

in any case jprior to forming the fomgoing coat <cornpftelng an insulating or semiconduclor material) therefor, it b 
possible fosU>]( atheanoda^sadgelo euitacetreatmentby way Of amannerof eubjecthglhe anode'a edge (o Inadielion 



phate, Iron p 

It Is possil 
hlgh-n^olecutar 
particularly rn 
The- coat t( 
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^iJZ^ <tescrtKtofi Is dJracted only for the ooqI foffnatfon to the anoda'e odfla, but Iho cathode's^ oan to 
also oo««kv art mubt-tflfflmorasomteorrfumora^ 

SHAPE AND StnUCTURE OF SECONDARY UTKIUM CELL 

battenrte shaped in a apirakvound cylindrical foim. thd anode, separata and cathode ai* arr^oed bitfw named o^r 

r^^"?!? K^f « «^^curr«ni be flown upon cp^ting ihachar^hfl and discteilna In Ihaoaaa 
^^T. J! " "^^^-^ rectangular prffimaflo temi. there to provided a» advama^ In that the 

epflCd 01 a d<svfi» tor housng the reciiargeable baltary can be elTectlveiy ulfflzed 

a sugieiajreremieujre or a stacked structure, ^ j 

^I!^lL!^!!1^J^^^ crosft-socttonal vfew IRueir^ing an example of a e^nfite-layer structure type fiat rechareeable 
batte^ aoeo^ to ihe pt^m Invention. PG. e le a scfiematte crosj^-sectlonal view mustmttng an example of a eph 
ral^Undcy!indflcalr«cfiargeabte battery aocoming to Ihe present tr^ v . 

m f^lGa. 7 arid a reference numeral 300 Indicates an afWOe collector, reference nwneral 301 an anode applied w9n 
^„!2?J?^r^^.*" irttutetihg or semiconductor materfai at the edge thereof (thie coat is not shown), reference 
numemi ao3 a cdthode. relerence numefal 305 an anode lemninfii (or an anode cap), reference numefal 308 a cathode 
C^, reference numeral 907 a separator and an electrofyte (or an e>9cti>Dfyto sofutlon). refarenc© numeral 310 » iheu- 
lating pocKiHg, and refersnce ntimeral 311 an ineuiat^g plate. 

In the above, the cathode 303 may be also applied v^rfth a coat composed of an iisutellng or eemiconductor material 
at Ihe edge thereof (thia coat Ib not shown). 

■ni6 f&brfcalfcn of a rechargeable batte^ of the oonflguration ehown in FIG. 7 or FIQL 8 is conducted, for example, 
90 fr> tho ftWcwing martner. That a coTibination oornprising the eeparator J307 tnterposed betw^ tho anode aoi and 
the cathode 303 la poelUoned In the cathode can 308. Thereafter, the electrolyte to htioduoed thereinto, yhe reeultant 
la aasombled wHh the anode cap 905 and the ineulatkig peddnfl 310, tollowed by subjecting to caulking treatment nwe, 
there ieoUsined the nechsrgeable battery. 

TJiepr^paraJlonofthegonrtrluenlmaleriabfa-thei^^ 
35 able batiety are deelred lo be oonduded h a dry air atmoephere free of moleture or a dry tneil gae ainxsphere free of 
morfiSUfO* 

As the conetiluen! of (he insulting packing 310, there can be used fluortne-containing reeln. polyamide resin, 
polyeuirbne resin, or varioue robbers. The saaing is typicefly conducted ueing a gasket euch ae the inaulating pecking, 
ae flhCT*n In Fie& 7 and 8. Other than this, H can be conducted by means ol glasa aealing. Eidheelve aaaihg. woUing 
40 orsoUflifng. * 

Aa the oonstlfuant of the hsubting pUrte 311 shown In RQ. $, there can be ueed organb roelne and ceramlca. 

Any of tho cathode can 30S and ihe anode cap 305 can be constftutod by etnlnleee steel, titanium clad stool, copoer 
clad 8to«, or nicKDi-pfcited steel. 

In any of the configurations ehown h FiGs. 7 and.a, Iho cathode can 306 Is designed to eonra also as a hatteiy 
^ casrg. In the caae where a hattary casing rs Independently ustsd. the battery casing can be ooneiiiuted by a metal such 
ee 2fnc an alkiy euch as statnleea eteel, a plastk: such ea pdypropytena, or a composite of a melal or gtaas nbor with 
plastic. 

AlThoufih thB is not ehown in any of FIGe. 7 and B. but It is possible to emptay an appropriate salety vent in any or • 
the ocnflgunationa shown in RQe. 7 and B. 



fC 



fS 



20 



2S 



6C 



6S 



In The following, the present tnvamion will be deecn'bed In more dotal with reference to eocan^, which are only 
ter iffustrative Furpeaee M not Intended to restrid the scope of the present Invention i» these exmpisa. 

example 1 

There was prepared a rechergeable rrthlumbadtery of the conftguratton shown in FiG. 7 In the following nwmer, 
Forrrvnon of caihOde: 

Electrolytic manganese dksKide and lithium carbonate were well mixed at a mixing catlo of 1 : 0.4. and the mixture 
obtalnad wae etAjOcted to heal treatmem at 8Q0 '(J to obtain a llthium^nanganeae oodde material The ilthlum-manga- 
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and harda^ the flinrortsin ooatlomerfat fta cathode's sdge. 
^the««so!9btohadaoaIhodehavll^9a|hIOfOll9sincoalal918e^ 

Fermatihnalanoda:! 

Ih9surf6c9 «ilih9a^Limi™mloll was «chbd. lT.flaiUfT*,umtoathu«trMW*« drt»d«tedu««r«fie«tone/^ 
_bjr8iibJectln9cliy|»»guhctertB*iMdpr8S8tii». 

^' ot 20 w.% in xyloTO wa* applied to ma aluminum Wa edge by 

tlw sotoantodnting preeMs, toJIewad b^drymg, and thMsafier. thfe coating precedui«s were repeatad. Th0 

thwa MiB8 kitabiad a arodo having a flLororaaln ecaal at the ecSga theraof (tioralrBfter raferrad lo ae anocJa). 



t« wh0feit>thafiurf6cQ<il the alumirwm loll V 
isoprppjyi alconoL followed I 
Thbb, 



9 aolution: 



5 was ptevfclad a motetura-free mixed aoilvert eomposecJ of eavtena cafbonate (EC) and methow caitonefto 
(pMC)i»flIh an d5^lvrfemminng ratio. 1 M<rttoM)irfWtramjo(ollthiumbo^^ THua 
there w&ftobtalnMaijiBiactPOlyiedolution. * 



TTidr J was pnvljiMl a 25 um Ihlok pofyprapyl^a mambor pfwWao wftn a number of sn^ poroe as a deparaior. 
Pflbricatiin of reehai^aablB Othfum battery: 



i Qbrleatldn of a reohargaabfa lithium baitiary vvbs conducted h a dry argon auno^t^e. The aoparatof was 
htdrposi* bati^n tria anode and tha catfiode; krd itha reewHant vvas incorted Into a cathode can mad© of itonium 
clad ataft "man. theilectroljrto solutbn vvaa lnjooied:in(o cathoda can. The rasultanl vAs aaalad using an anbdo 
cap rYiad# of titanium cladalaelandan inaulalingpabkirtg madoorfluoTDnibbar. Thus, there was oUainada recharMablo 

lithium battary. • ! . . 



I 



Theii^ 



. I waft |)r*parkl a rechargeabla lithium bdtlsry of tha conflgurolfon shown h FIG. 7 In tho same mariner aa in. 
ExampM », exdepi Ihdt the cathoda and tha anodel ware foimod In iha toBo«vfig mannat 

FomiatldA or cathoda: I : 



Elertteiyth^ msangdnega dfOOCidd and filhfcjm cateonata were well rnijoed al a nAcIng raito of 1 ; 0.4. and tha mixture 
obtalnodwfla ^Jbctad to heat treetmant at 800 «0 tocbtaln aUthlum-menganesa oxide material Tho Ifthjuw-^rtianga- 
nesa oxidb material wAa wall mfxad wfih powdery acatylane blaek In an amount of 5 wl% and powdeiy polyvrtyndana 
"'-^rfcfe Ih an amount df S toKowed by mbtfrigjwtth N-mBthyl-2-pyrrofldona, to thereby oblaki a pasla-Uke product. 

The piaetaJfito protfuci thuo obtafiad ivaa appllM onto iha aurf^ ol aciroiilar aluminum fWi, followad by drylno at 
i50''C.t6tharei:y:obt^lnacathod6. 

i ! ■ 

ofanodb: • • 

* f ; ' : • 

Thoftlwwhfsliy pibvtdeda circular alumftium fin hoviigadiametBr whieh le2 mmgreater than thatof tha aTumhum 
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mjrt at ISO C ancf lindor radiicod praasure to Hardon th^ nuomreoii coat Jnlermmemiy formed at the elumhum 

TT*! is; there was obta^ed a anode having a nuoroi^sih ooet at tha edge thaeof . 
Exampiba 



THdre 



Exami^r 
an 



. ^■^'^'^^^ a rochargsabift Uhlum tktaryoriheconngviatlon shown In FJQ. 7 In the^am^ mw^neras in 
hWfJS^!L^i!II^^ IT"*^ .'^ «^ ^ formed at the edge of th9 alwninum foil; 

ttffte^oj^ nofluororeain oaai waetiarrnod oitheedgoof th&alumlnm having an etched surface 



Example 
andhtrlfi 

weandtlcoixiucted.- 
^ Comiwiikivo-Ejcamptel 



Thftfs 



Example 
loll for 



A 
ml, 

name. 



<0 resultant W9e dried, 



Thorfc 
greater 
A 



Ttie 

Thon, at 
Ecneen. 



w£j8 prei»rwl a rschargeabla HWum battsry of the conflgumtion ehown In Fia. 7 in th«aame manner as in 
4. ^cD0 [hat me Of lha atumhum tel (or ftsanolo was niMe to bo ihe 8ffl^^ 



the 

so 

Example 5 

Thdi 9 wad prepared a rechargeabla nlckel-zinfc battery cT the configuration ehown in RQ. 7 in iha folowing r 
w ForrnatJoln of eaihoda: 



rrticiurtf powdeiy nickel hydroxide and nlihel potwjw was well mbwd with cartxmymethylDeiioae as a bfidhg 

pfjodu ty Sumlomo Efeclric Indualrieej UA) in a drctter form was n^ed vritfi the psflte^iko product The 
' ■'"'H, followed by But}i@cilng to prase treaimant. Thus, there was obtained a cathode. 



Formattoh of anode: 



irian 1 



wa6 firelly provided a dreuter punching! metal mombor made of copper having a dfanwlor whfch le 1 .3 mm 
jn that of .the foamed sheet ueed in the cathode. 

toHlka pfoduct obtained by mining a mbcuiriie of the powdar and pov^sry zinc oxida with polyvfriyf aleohcl and 
kneading ttiB resurta»>t wfththeaddltton of pure walfijr v^eapplied ontotf^^ 

tait Wae oriea foftowed by eubjecthig to preee ireatmam. Thua. there was obtained a compostia member. 
_ jbaifng li;^ id of thennoeetli ng epoxy reo'd wae applied to the edge of the composite member by means ol the 
pdntshg ptacese. mcmd by eubjeeting hek treatment at 16Q to harden the epoxy ree^ coat termed ai the 
composte meMber'e edge. Thua. tliere was obtamied an anode. 



EleoiPOlytesolirtMn: 

Thofi wee prwideda 30 tlthkim hydfoxfde aqueoue eofutlon ae an etecirolyte solution. 
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90 



2S 



Po^^^'ittS^^^^ tubmen, a ncn^„ 

oflOflumaaataparaior. a oonipodi* having 

FBbridstlon « teohaisoBbte nlckel-»1nc bajrery 

"si-g to ^ cap made of tllaJrcM S^ffj^SLZZS'"* ^^^d 
«*lBin6(J a nicteBWfcb nlctel^Z ete« and an hsuWna packing mada of ftu„o «.tt»r. tT>ua. »»» was 

BeampfteS ' 

T).bra*^^pareda«charBe*lazifte^«yBe„baaenfolihaco^^ 
Poimsijonofiiajhoda: 

FwTnatiin of ^kUk 

«5«<npoallten tyas prepared In tfto toltowfng mann«: That te. tetraethaxysllana, 
.!2K^tSr<Z^f "^""^ ^ heated at 60 'o to otnaln a 

2i2lKl l^ju-dlhue obtained. poly(2-mettv(-2-oxazoflna). polyvinyl rttorida. and eycteteononeVwre 
well;ir»ted.Thiie,lhef8wasc3tiioirwdacos»lnBcompoeitier. 

IS^'lIfi^lS^'*'' °"!^^ *^ PoMewttuoraathyleiw. THe 

te atnwniv im appliM) onto the euifaca of a copper fnealt member tiy «vay of the praeaure rnoMlna Brocass to obtain 

i9. azlneelecti«teplBte). The ^reetillertane electrode plate was cut to obtain a clipularzlnB 
e^rode^lafe^vrngadlamelerwWehbaSmmBtBater*^ 
UTOtJ m ina Tarnation of cathod9. 

Thert tfwtoklng composition obtafned m tho abM (i) vias appRed to tho ^c^e ctf tho 7he otedrodo ptote by 
means of 1ftediptoatfn9proco88jonow0rf by drying, to obtain 

ElectrDtyivodiMoh: 

The(il waspubvkMa 3D wi.% lithhjm hydraxfdd aquooud aolution as an dl«ctrolyte aokiifbn. 
Separatcr 

Therb was ^Jiwlded a conventfCfial callophana deparator for a rgchaigaabta battery. 
Fabrlcatlin of rWiarg^abla zioc-oxygen bsHary: 

Thejoparatoi; vtes inta^ad batwaan tha anoda and rha cathodal and tha rasuftant was nsanad Into a oalhoda 
case mada of titanium clafl $teoi having air aocaea holadi TJiaa tha atoctrolyio aolution was Infectad Irrto iharaihta Tha 
raeulteftt was ualng an enwto cap mada of »antUm ctad steal and an mauiatmg packing mado of fluoro rtMaber. 
Thua, thela wad dbtaihad a rechaigaabla zine-oxygan Mtory. is, k-«" 3 numo nsoar. 
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10 



SO 



3S 



40 



4S 



ano* L^STiS SZS LT! w S!T 'ho s«e Of lh« copper pun*ing metal membor far iho 

nJ^Z ^ "'^'^ that ihe 8170 «f the zto »lactrods ptato for lh« anods was 

'Sll^nlJ^ ^^'^ « th. « the zmc Peered, plaf tor ,ha ane*. to then*y obt* 7^?^; 
Evaludilm : - 

^fi.^^J^fV'''^''''^^^ 1 loeand the *ov« Comparative Ex- 

w«2.^.frj"lS*"^*r,^ "gwte w«*»ooncluetedlnthe rollovrtngnBnner. That Kh each rechargeable battery 
p^ed Ihi ehargih« and dlscha^ing device hj-iosm (pnxigced by Hekuio Dente KaixishiW ftotehaj vrt«rah • 

!!f^t ^ w rl!?^^ "P^ '^^ ^'^'^ ""af^ to b9 4.5 V and the eul-oH ve(tage upon the disehanta was 
madet6to Similarly, hthe case of oacho«the,«rf«,^b^^ 

5S7;be OjJu "^'^^ "^^'"^^ 

•ma charbjB and discharghg cyde teet was inltiaiod by operating ehareng; 

In Rk chiding and discharging lest, as for each nschargeable battery, there were obecrvod its baiteiy eaBacity 
I'L^ !ru^?51'^^* ^ <lteoharS6 energy density) per a unit vokjme ot the rechargeable battery end to 

iT^jL-ffi^?^ J** "^P^"^ was baeed on the een/loe capacity after the thiiti repetUcn of 
u^'"^^*** ^"'''^'^'^'"Sanddisehargi^ 

anddirthargli^tifolfthavhgbeenrapeataduntillhobatlaryeapBcaybeeamelosett^ 

^^J^^^fSS' *^!^ are oo||ectiV9ly shown mibblo 1 h larme of the ratio of Ihecharging and dtodnrginq 

In "teWo 4 iwra sro ehwvn th9 size retelionehip between tte anode and tha eathotfo as for each rechamsBbrs 
tottery &nd Ihb brasance or absonca dI the odge coat aa fw each rechaneabfe l»tlQjy. 

Ba^ed onibib raeulle ehoYvn h Tfeble 1 . thare were obtained the foilov^g facls. THat is. Iho roeharseabb battarraa 
obtainsd rn E)^les 1 to B baloogtng to the present Invoniton are surpassing the rechargaabfe balterfeG dbtafned in 
Compamtiwe B^Ibb 1 io3 In tofms of the chafing anddidcharslngcyda »e. Aafbrthe rachargBBbla mim bfitteriDS 
obifiina<s in Ei^laa 1 to 4, Iho chai^g and dtecharginig cycle ffle la InereBsod In tt^e order of Exampla 1, Example 2. 
ExH7npl&3,eridiExartiplB4. • T, 

Fuitier. ffi' tfi praaent invention, even in the case where zinc is used in (he anode, there can be oMakied adeeirable 
rechargfiaWo Wrfiory excellhg In charging and dlschai^ cycle DTe. 

Further inj^ton. there wen obtaried the foflowtng findfnQS. Thm ia. bb Ifio rec^t^rgaabla battariee obtekwd h 
Btamples 1 arWa.acC0fldhgtothalrdf8chSTgecapaellbd,theyprowf<te b hlgh8rby60%aver 

that pw^Hded by dconverrtional rechatgeabls Rhiurn ton batlary In whfch a carDon anodo la uead. Therefore the pi^ent 
fcwentiohnialc^bl^pceeibfotoBfraet^^ 

density ^hdMprdtonged charging and diachargtngcydalffe. . 
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= Table 1 






cycle! :i if e* of ExaiiDJe lytjvcle lifo- a* rnnA«*.»fi»^ r« ■ 
•1:1 * A/^jrwi.B ot vonparattye Example Ji 




* 


cycldjilife* of Exaaple l/eycle lit^^ a-f PvAnniA ^ 


1.9 


10 


cjrcleii jlif 9" of Examole lifo* a-p rv<iM,,i» 

••*v«ui|^*^ Hfw^vAQ lira vX llXaillpiG 4 


1.3 




^^Hili^^^* of fixaaplc 3/cycle life* of Conparative Cxanple 1 


1 4 


$6 


J^cl^jjife- of Exaaple 4/cycle life* of Comparative Example 1 


1.2 




.carcle|lij|ife' of Exaaple B/cycle UU* of Coaiappativo Exanple 2 

— ! "i" . 


1.5 




t|rclei|i|ife* of Example S/cycla life* of Comparative Example 3 


1.7 



9S 



86 



* : cjiyrging and discharging cycle life 

Table 2 



-ill 



^ExajriU 



iExadtif. 



-Exadlft': 



£xanii^ie 4 



e 1 



e 2 



e 3 



£xajn!<)|Ie & 
J — luiiJL 



Compar ative Example 1 



CampHyatiVe Example 2 



ftnod 



!! 



ative Exaaple 3 



edse coating 



Cathode 



present 



preisent 



none 



none 



none 



nooa 



none 



none 



anode 



present 



preeent 



none 



none 



present 



present 



none 



none 



none 



electrode size 



anode > cathode 



anode > cathode 



anode > cathode 



anode > cathode 



anode > cathode 



anode > cathode 



anode = cathode 



anode » cathode 



anode = cathode 



>. cathode: the size of anode is larger than that of cathode. 
= cathode: the si7.e of anode is equal to that of cathode. 
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Claims 



«H. owacienzoo R nut eau anoda « etiucturod to havo a sto is sreatsf thanitet o» said eaihcxJa 



Wateri^ora (wmlccnductof merfal atan iidgoportlai oftha cathoda •'»*«"«««'P'»'n8*''"nButatln9 

ii 

•aSB arts thm Dl ito caihodtfaadga to K tlmas Of mg«th* diirt^ 

ilff according to any of clalnfw I to 4. wherein tho anoda b deslmd lo have a orealer widih 



6. A 



fiirilDL^ ^'^'^^ * ^ ^- ana» * designed to have a graata* 



arsa 
the anode is 



^^"^^'y according to claim 2, wherein eliher f h© insulallns matgrlal or th« semteoncfuctor material 
r !!f^ * consfsiing of oi^anic high-moiscuiar matertate, malal oxida 



7a Atachi 
ejahtains 

nr^^terfal^j and or^nlc-Jnorgeniecompoelia materials. 

accordfngioclarn 7. lA^erein lha organic hlgivmolecuiarmatartalcortalnB at laeimamgmber 
fi wacted jrom the eroup consisting of tluoroine-corrtairtlng reslna and eiGoona rasina. 

^' ^x!if!lf 'i?^."^ ^^"^ ^^^^^ ^ ^' "^^^^ «^a»«rtal or the samlcor^uctor iratarfal 

c^tehd laeat a matarlal eeiattad f rwn lha flroup oonslstinfi of oigenic hiah^lectilar malarlato. matal oxfcTo 
rnmenalalj and organic- inorganic corrpoerte fnatarlate. 

d ai^d f tern iha group oondBtmg or Duorolne-oofiiaintng reeriB and ejlicona roslna. 

> ' I ' 

11. Arichaitj6aUe baRsiy aceordingtoany d dainw 1 toB, wherein lha anoda oorilBlrw lithium elemant or zticelemant. 
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FI G. 4 (b) 
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<i-d)/d 

THE ANODE'S EDGE IS 

POSITIONED OUTSIDE THE CATHODE 



THE ANODE'S EDGE IS 
POSITIONED INSIDE THE CATHODE 
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